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ABSTRACT OF THE DISCLOSURE 

Palladium on carbon hydrogenation catalysts having 
increased activity may be prepared by adding a basic com 
pound to a solution of a soluble palladium compound in 
the presence of ?nely divided carbon wherem the basic 
compound is uniformly added at such a rate that the pH 
of the solution, which is initially in the range of 0 to 3, 
rises to at least about 12 in a period of one-half to one 
hour, and then reducing the precipitated palladium to 
metallic palladium. 

This invention relates to the production of supported 
hydrogenation catalysts and, in particular, to a method for 
obtaining a palladium on carbon catalyst having a higher 
hydrogenation catalytic activity. 

In hydrogenation and other processes, it is conventional 
to use a catalyst which comprises a noble metal, such as 
palladium or platinum, in quantities of about 01-25% by 
weight deposited upon a support material. The aim in pro 
ducing carbon supported metal catalysts is to obtain a high 
activity catalyst. Some of the primary considerations af 
fecting activity are the uniformity of deposition of the 
metal on the carbon support and the surface area of the 
catalyst. A uniform, thin, ?rm and adherent coating on a 
high surface area support is desirable for maximum cata 
lytic e?iciency and activity. The support material for hy 
drogenation processes is preferably ?nely divided carbon 
which, by reason of its ?ne state of subdivision, requires 
deposition from an aqueous solution of a noble metal com 
pound, followed by reduction to the metal. Processes of 
using such catalysts are well-known and reference to one 
such process is found in US. Pat. 2,823,235 for hy 
drogenation of nitro compounds to produce amines. 

In the general prior art wherein palladium on carbon 
catalysts have been prepared by deposition from solution 
it has been the practice to use a basic precipitant, typical 
ly an alkali hydroxide, but without regard to pH. The 
precipitant has usually been added all at once to the solu 
tion of the noble metal compound or, alternatively, the 
precipitant has initially been added to the aqueous medi 
um followed by addition of the noble metal halide and/or 
carbon. This latter procedure is entirely unsatisfactory 
as the resulting catalysts do not possess a desirable high 
activity. 

According to this invention it has been found that 
palladium on carbon catalysts having unusually high hy 
drogenation activity can be prepared by controlling the 
sequence of addition of the materials to the aqueous medi 
um, the ?nal pH of the solution and the rate of change of 
the pH of the solution. ' 

It is, accordingly, an object of this invention to provide 
a method of preparing high activity catalysts having uni 
form and controlled deposition of palladium on carbon 
and the high activity catalysts resulting therefrom. 
The object of this invention is achieved by the novel 

process Which comprises, in its essential step, the con 
trolled addition of alkali hydroxide precipitant to an 
acidic aqueous solution of a soluble palladium compound 
containing particulate carbon having an initial pH of 
about 0 to 3 so that the pH of the solution increases to at 
least about 12 within a period of one-half to one hour. It 
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is found, in accordance with this invention, that if the pH 
of the ultimate solution is not raised to at least about 12 
in the subject process, catalytic hydrogenation activity is 
substantially reduced. 
For purposes of this invention, catalytic hydrogenation 

activity is de?ned as the time, in minutes, required for a 
given sample of palladium on carbon catalyst to reduce 
hydrogen pressure from 50 p.s.i.g. to 35 p.s.i.g. in the 
presence of maleic acid. The speci?c method for deter 
mining the activity, is as follows. A sample of the wet 
catalyst (5% Fri on carbon) as prepared is partially dried 
over about a ?ve minute period to a 50% by weight water 
content. One gram of the thus partially dried catalyst (25 
mg. Pd) is charged to a 500 ml. hydrogenating ?ask under 
a nitrogen atmosphere. Then a solution of 23.3 g. of 
maleic acid in 100 ml. of methanol is charged to the ?ask. 
This amount of maleic acid, when completely reduced, 
causes a pressure drop from 50 p.s.i.g. to 35 p.s.i.g. Then 
the nitrogen is displaced with hydrogen to 50 p.s.i.g. pres 
sure and the reaction is started by shaking the bottle 
fastened in the Parr hydrogenation apparatus. The time in 
minutes is recorded for the pressure to drop to 35 p.s.i.g. 
and this reading is used as the measure of the activity of 
the catalyst sample. Activities on the order of 9‘ minutes 
or less are desirable for maximum efficiency. For catalysts 
containing other than 5% Pd on carbon the sample size 
is appropriately adjusted to the 25 mg. of Pd standard. 
More speci?cally, the process of the invention involves 

preparing an acidic aqueous solution of a soluble palladi 
um compound having a pH of about 0 to 3, mixing there 
with a powdered carbon to form a slurry containing 2 to 
20% by weight solids, and thereafter gradually and sub 
stantially uniformly adding a basic precipitant to the slurry 
to raise the pH of the solution to at least about 12 within 
a period of one-half hour to one hour. Precipitation of 
palladium hydroxide onto the carbon generally begins at 
about a pH of 5 or 16' and is complete when a pH of 12 is 
reached. Thereafter, the palladium hydroxide is preferably 
reduced to metallic palladium by conventional procedures 
to form the palladium on carbon catalyst of high hy 
drogenation activity. 

The palladium compound may be the chloride or other 
halide which are commercially available in the form of 
acidic aqueous solution. These solutions are typically 
extremely acidic having a pH of ‘0 to 3 to prevent hy 
drolysis; thus, it is not necessary to acidify the solution 
of palladium halide used in this preparation. ‘Other solu 
ble palladium compounds may be used, such as palladium 
nitrate or acetate, but usually require addition of HCl 
or other acid to make a low pH solution. 
The carbon to be used must be of ?ne particulate 

quality for maximum activity of about 9 minutes or less. 
While powders are preferred, the method of this invention 
would conceptually also extend to carbon in the form of 
particles, granules, pellets and other particulate forms. 
It is preferred to use carbon powders wherein 80% of 
the particles are of l—l0 micron diameter and 100% are 
under 100 micron diameter. To obtain high surface area 
catalysts, i.e. on the order of 2000 m.2/gm., the pore 
volume (calculated from pore radius and pore distribu 
tion) should be about 0.38 cc./gm. which is based on 
pore size (radius) of about 15-3000 A. Such a surface 
area is found with catalyst powders having particle sizes 
such that all the particles have diameters from 1 to 100 
microns. 
The precipitant, while including most basic substances 

in the prior art, must be, in this invention, one capable 
of raising pH to at least 12, such as an alkali or alkaline 
earth hydroxide, preferably lithium, sodium, potassium, 
barium, or cesium hydroxide in the form of a 5—50% 
aqueous solution. The respective carbonates or bicar 
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bonates are not satisfactory, as they can only increase 
pH to 9~10. 
As indicated previously, during addition of the pre 

cipitant the soluble palladium halide is converted to in 
soluble hydroxide which deposits on the carbon present in 
the solution. To obtain the catalyst in active form, the 
hydroxide must be reduced to metallic palladium. This 
can be effected by conventional means, such as by a sepa 
rate reducing step using a reducing agent in the precipitat 
ing solution or by in situ reduction in the hydrogenation 
or other process by the hydrogen used therein. Such in 
situ reduction during the hydrogenation process itself 
conveniently avoids any necessity for a separate reduc 
tion step but does have certain drawbacks. For example, 
since the freshly precipitated palladium is in the hy 
droxide form it is susceptible of being converted back 
to the salt form in the presence of an acidic environment 
which might be present during the hydrogenation process. 
For this reason it is preferred to employ a separate re 
ducing step and convert the palladium hydroxide to metal 
lic palladium. Such reduction may conveniently be ac 
complished by adding a reducing agent to the slurry of 
precipitated palladium hydroxide on carbon. Any conven 
tionally used reducing agent may be used such as formal 
dehyde, hydrazine, sodium formate glucose and other 
aldehyde-alcohols, etc. 

It is also possible to add promoters or activators, for 
the palladium. Such promoters are minor amounts of 
other metals, metal oxides, hydroxides, etc. which are 
found to promote or increase the activity of the palladium 
in use. Such known promoters include manganese dioxide, 
chromic oxide, and other metals or metal oxides or hy 
droxide of Groups H-VIII of the Periodic Table of Ele 
ments. These promoters are, by de?nition, added in minor 
quantities by weight, typically on the order of one half 
to 3% by weight of the total catalyst. The exact propor 
tion will vary with the amount of palladium used on 
the catalytic support. 

After precipitation and reduction, if a separate reduc 
ing step is employed, the catalyst is recovered from solu 
tion by ?ltration and the ?ltered product is dried in a 
vacuum drier or oven preferably under an atmosphere 
of nitrogen or hydrogen, excluding oxygen, to reduce 
oxidation of the palladium. The catalyst should not be 
totally dried, since this produces an irreversible reduc 
tion in activity; rather the drying is only partial to remove 
excess water to a water content of about 45% to 55% by 
weight, preferably 50%, and this material is packaged 
and shipped in the wet state. 
The invention herein is found to provide increased 

activity for all the typical palladium on carbon com 
binations. It is known in the art to use 0.1-25%\ by 
weight palladium deposited on the support. The concen 
tration of palladium may be controlled by varying the 
quantity of palladium compound added initially. It is 
also known to form low concentration of palladium, e.g. 
1%, by making a high e.g. 10%, catalyst and diluting 
it with added carbon powder. All such concentrations and 
techniques may be used in this invention. 
The following examples will serve to further illustrate 

the invention: 
EXAMPLE I 

(1) A slurry of 43 g. of carbon powder in 600 ml. of 
water is stirred for 5 minutes. To this are added 100 ml. of 
Pd/Cl2 solution (100 g. P‘d/l. 10% HCl). The mixture 
is stirred for 15 minutes. About 6 ml. of a 30% sodium 
hydroxide solution is then uniformly added over a 60 
minute period causing the pH to change from 1.1 to 
12.0. Formaldehyde (20 ml.) is then added in one por 
tion and the mixture is stirred for one hour while addi_ 
tional alkali is added to maintain a pH of 11.0, the 
mixture is then heated to 90° C., cooled quickly and the 
pH is adjusted to 5.0 with cone. HCl. The slurry is 
?ltered and washed seven times with water to give a prod 
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uct containing 67% of water. All ?ltrations were car 
ried out under nitrogen to minimize oxidation. Drying 
to 50% water content was carried out by spreading the 
catalyst on paper in an envelope of polyethylene ?lm 
through which a stream of nitrogen was passed. The 
catalyst had a palladium content of 20%. 

('2) Procedure (1) above is repeated but the 6 ml. 
NaOI-I is added all at once in a period of about 5 seconds. 
The ?nal pH was about 12.0. 

(3) Procedure (1) above is repeated but the 6 ml. 
NaOI-I is divided into 5 equal 1.2 ml. portions and each 
portion is added in total at one minute intervals giving 
an addition time of 5 minutes. The ?nal pH was about 
12.0. 
The catalysts produced in accordance with the above 

techniques, each containing about 50% Water, were sepa 
rately used to catalyze the hydrogenation of maleic acid 
using the same conventional procedure described earlier 
in the description and the activities of each were calcu 
lated based on the time (minutes) required to reduce 
hydrogen pressure from 50 p.s.i.g. to 35 p.s.i.g. The re 
sults are indicated in the following table: 

TABLE I 

Sample No.: 
1 __ .~. ‘ Minutes 

2 ______________________________ _- About 6.2.1 

3 __ ___ About 20. 

1After 5 minutes the reduction in hydrogen pressure had 
only reached 49 p.s.i.g. 

EXAMPLE H 

The procedure of Example I (l) was repeated twice 
except that in Run 1 the addition of NaOH was termi 
nated at a pH of 11 and. in Run 2 at a pH of 12. The time 
for changing the pH to 11 was 40 minutes and a total of 
about 4.8 m1. NaOH was used. The time for changing 
the pH to 12 was 63 minutes and a total of about 4.7 
ml. NaOH Was used. The catalysts produced were re 
covered and tested for activity according to the procedure 
of Example I. 
The results of the tests are shown in the following 

table: 
TABLE II 

Run 1 
Time (sec.): H2 (p.s.i.g.) 

9 _____________________________________ ___ 59 

6O ____________________________________ __ 50 

120 ___________________________________ __ 50 

180 ___- ____ __ 50 

240 ___________________________________ __ 49 

Run2 
Time (sec): H2 (p.s.i.g.) 

0 _____ ___ 50 

12 ___ __ 49 

53 __ ___ ___. _ 48 

85 _ __ _____ 47 

113 ___ 46 

135 ________ __ 45 

165 ___- 44 

185 _ 43 

205 ___________________________________ .._ 42 

225 __ _ 41 

250 _______ __ 40 

260 ___- ___ 39 

283 ._ _ _ _ i _ _ _ . _ _ _ _ _ _ _ __ 38 

300 ..._.___ 37 

337 ___- 35 

EXAMPLE HI 

The procedure of Example I (1) was used to produce 
a 5% palladium containing catalyst by using 25 ml. 
Pd/C’lz solution. The resulting catalyst shows an activity 
of 4.9 minutes. 
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EXAMPLE 1v 

When the procedure of Example I (1) is repeated using, 
instead of 20 ml. formaldehyde as reducing agent, an 
equivalent quantity (2.5 ml.) of hydrazine the activity 
was about 5.7 minutes. When the procedure of Example 
III was repeated using 2.5 ml. hydrazine, the activity was 
5.75 minutes. ’ 

EXAMPLE V 

The procedure of Example I (1) was again followed to 
prepare several catalysts with the exceptions that in Run 
1 the resulting wet catalyst comprising the ?lter cake was 
not subjected to any drying and contained 67% by weight 
water, in Run 2 the resulting wet catalyst was dried to 
50% by weight water, in Run 3 the resulting wet catalyst 
was completely dried, and in Run 4 the resulting wet cat 
alyst was completely dried and reconstituted to 50% by 
weight water. Each of the catalysts were tested for hydro 
genation activity as described heretofore and the results 
are shown in the following table. 

TABLE III 

Run No.: Activity (min) 
1 ._ ___. ‘8.5 

2 _ 6.89 

3 13.67 
4 13.75 

Thus, having described the invention in detail it will be 
understood to those skilled in the art that certain varia 
tions and modi?cations may be made without departing 
from the spirit and scope of the invention as herein de 
scribed and de?ned in the appended claims. 

I claim: 
1. A process for producing carbon supported palladium 

catalysts comprising forming a slurry of particulate car 
bon and an acidic aqueous solution of a soluble palladi 
um compound, said solution having a pH in the range 
from about 0 to about 3, said slurry containing from 
about 2 to about 20 percent by weight solids, adding a 
basic precipitant at a substantially uniform rate to raise 
the pH of the slurry to at least 12 within a period of one 
half to one hour to precipitate a palladium material onto 
the carbon, and thereafter reducing the precipitated pal 
ladium material to its metallic form. 
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2. A process according to claim 1 wherein the soluble 

palladium compound is a palladium halide. 
3. A process according to claim 2 wherein the palladi 

um halide is palladium chloride. 
4. A process according to claim 2 wherein the basic 

precipitant is an alkali or alkaline earth hydroxide. 
5. A process according to claim 4 wherein the basic 

precipitant is potassium or sodium hydroxide. 
6. A process according to claim 1 wherein the precipi— 

tated palladium material is reduced by hydrogen, formal 
dehyde, sodium formate, or glucose. 

7. A process according to claim 1 wherein the carbon 
supported palladium catalyst is recovered from the slurry 
after reduction by ?ltering and drying to a water content 
of about 45% to 55% by weight. 

8. A carbon supported catalyst containing 0.1 to 25% 
by weight palladium produced by the process which com 
prises forming a slurry of particulate carbon and an acidic 
aqueous solution of a soluble palladium compound, said 
solution having a pH in the range from about 0 to about 
3, said slurry containing from about 2 to about 20 per 
cent by weight solids, adding a basic precipitant at a sub 
stantially uniform rate to raise the pH of the slurry to 
at least 12 within a period of one-half to one hour to pre— 
cipitate a palladium material onto the carbon, and there 
after reducing the precipitated palladium material to its 
metallic form. 

9. A catalyst according to claim 8 further containing 
0.5 to 3% by weight of a promoter selected from the pal 
ladium activating metals, oxides of metals, or hydroxides 
of metals of Groups II-VIII of the Periodic Table. 
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